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Introduction
Elastomeric dental impression material has been used in dentistry for a long period of time to accurately replicate oral tissues 1) . It has many advantages over other types of impression materials such as accuracy, elasticity and tear strength 2) .
However, despite these many favorable properties, biocompatibility is still the most important and fundamental property of the elastomeric impression material for the acceptance of the materials 3) . Cytotoxicity evaluation using cell culture technique is useful and relatively easier method of biocompatibility evaluation for medical devices 4) . It has advantages over animal experiments such as cheaper cost, ability to screen larger number of materials in given time and being more ethically acceptable 5) . The common method of cytotoxicity evaluation for elastomeric impression material involves use of established cell lines such as mouse fibroblasts of L929 6) . Although such cell lines are easy to use as they give more reproducible results and relatively easier to obtain from cell line bank, it is still questionable if they are clinically relevant than primary cells 7) . Hence in this study, three types of fibroblast cells were used for cytotoxicity evaluation for elastomeric impression material; conventional mouse fibroblasts cell lines of L929, primary human gingival fibroblasts (HGF-1), and immortalized human oral fibroblasts (hTERT-hNOF). The results were then compared to see if there is any difference in interpretation of cytotoxicity evaluation for elastomeric impression material when different types of fibroblast cells were used.
Materials and Methods

Elastomeric Impression Materials
Seven commercially available elastomeric impression materials (1 polysulfide, 1 condensation silicone, 4 vinyl polysiloxane, and 1 polyether) were selected for cell culture based biocompatibility evaluation. These are listed in Table 1 with their assigned code for the purpose of this study (Table  1 ). All materials were mixed according to the manufacturers' instructions and made into disc shape with 1 mm of diameter and 3 mm of height.
Fibroblast Cells and Cell Culture
Three fibroblast cells were used in this study; conventional mouse fibroblast cell line known as L929 (Korean Cell Line Bank, Seoul, Korea), primary HGF-1 purchased from American Type Culture Collection (ATCC, Manassas, VA, USA) and hTERT-hNOF provided by the Department of Oral Pathology, Oral Cancer Research Institute, Yonsei University College of Dentistry, Seoul, which was developed by transfecting the primary gingival fibroblasts with puromycin-resistant retroviral vector plpc-hTERT (Clonetech Laboratories, Palo Alto, CA, USA) (Fig. 1) . Sub-culturing beyond the 90th passage without signs of replicative senescence have been confirmed for hTERT-hNOF in the previous studies 8, 9) . Each cell was cultured in an appropriate culture medium with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) and 1% penicillin/ streptomycin (Invitrogen, Grand Island, NY, USA) at 37 o C in a fully humidified atmosphere of 5% CO 2 . Primary cell of HGF-1 was kept in a low passage of below 10 throughout the experiments in order to avoid senescence of the cells while cell lines were maintained within 20 passages from the point of 
Cytotoxicity Evaluation of Elastomeric Impression Materials
Two different methods of cytotoxicity evaluations were carried out with some modification in this study according to international standards of ISO 10993-5 10) and ISO 7405 11) , as well as the previous studies of cell viability test on elastomeric impression materials and temporary cements 6, 9) .
First, the test on extract was performed with each type of cell that were plated at 1×10 4 cells per well in standard 96 well plates (SPL, Seoul, Korea) in 100 μL of culture medium and were incubated at 37 o C. The extract of each impression materials was prepared in appropriate FBS-free cell culture media for 24 hours at 37 o C. Following the cell cultures reaching the sub-confluence, the medium was removed and cells were exposed to 100 μL of prepared extracts for 24 hours. Each cell was also exposed to fresh culture media for 24 hours to serve as the control. Secondly, the test by direct contact was carried out with each type of cells plated at 5×10 4 
Result
Cytotoxicity Evaluation with Test on Extract of Elastomeric Impression Materials
The results for test on extract according to the fibroblasts cell types are shown in Fig. 2 . The results showed that all cell types showed low cell viability to all elastomeric impression materials except for condensation silicone of XC (Xantopren Comfort; Heraeus, Hanan, Germany). In terms of cell types, all except for DK (Delikit; HappiDen, Seoul, Korea) showed that both HGF-1 and hTERT-hNOF resulted in significantly higher (P<0.05) than L929. There was no significant difference in cell viability of HGF-1 and hTERT-hNOF for all of tested elastomeric impression materials.
Cytotoxicity Evaluation with Test by Direct Contact of Elastomeric Impression Materials
The results for test by direct contact according to the fibroblasts cell types are shown in Fig. 3 . In terms of cell types, there was statistically different cell viability (P<0.05) between L929, hTERT-hNOF and HGF-1 for PL (Permlastic; Kerr), I3, AU, and EW, where HGF-1 showed the highest cell viability and L929 showed the lowest for all of them. Also HGF-1 showed significantly higher (P<0.05) cell viability than either both L929 and hTERT-hNOF or L929 alone, when directly contacted by either DK or XC, respectively. There was no significant difference in cell viability between all of cell types for PD.
Discussion
The biocompatibility evaluation is essential to assess the safety of dental biomaterials 4) . Although there has been only very few reports of elastomeric impression materials causing adverse reactions, mostly related to the pieces of materials have been left in contact with gingival tissue for long period of time 12) , it is still important to carry out biocompatibility evaluation for both existing and newly developed elastomeric impression materials.
Previous studies showed contradictory results for different elastomeric impression materials, which the results of our current study agrees with some of these studies that there was high level of cytotoxicity for vinyl polysiloxane 12, 13) , possibly related to the presence of surfactant and by product of polymerization 14) . Also, the current study with Also the graph shows statistically higher cell viability for HGF-1 than hTERT-hNOF for all except XC and PD (P<0.05). Refer to Table 1 for the information of materials. polysulfide (PL) during direct contact with either hTERT-hNOF or HGF-1 (Fig. 2) agrees with results that showed low cytotoxicity by the previous study 15) . However, despite the previous report of high cytotoxicity by condensation silicone due to production of ethyl or methyl-alcohol during the polymerization 16) , condensation silicone in our study (XC) showed relatively low level of cytotoxicity during both test on extract and test by direct contact for all fibroblast cell types (Figs. 2, 3 ). However, consideration of different level of cytotoxicity was already carried out in our previous study 6) and the main purpose of this study was to compare the cell viability results when three different fibroblast cells were used.
The results clearly showed the difference in cell viability according to the type of fibroblast cell used, where HGF cells showed highest viability and L929 showed the lowest. This result is in agreement of many of previous studies 7, 9, 17) . The L929 cells are commonly used for the cell culture based biocompatibility evaluation for many of dental biomaterials. Although such cell lines are well suited for the screening purposes and to provide reproducible results, the appropriateness of using cell lines often been questioned, mainly related to the heteroploid chromosome pattern of the cell that may respond differently to toxic materials than diploid nature of human cell 18) . Indeed, it has been suggested that mitochondrial function is different between cell lines and primary cells that may result in different tolerance to toxic products 19, 20) , which the results here showed significant different cell viability between L929 and HGF-1.
In contrast to cell lines, immortalized gingival fibroblasts of hTERT-hNOF showed relatively similar results to HGF-1. The immortalization process kept the diploid nature of cells even at the later passages and therefore no disturbance in mitochondrial function 8) , which resulted in similar response to toxicity to HGF-1 as previous study 9) . In fact, analysis of this study along with results of the previous 9) 22) . Clearly, our studies showed that use of different fibroblast cells resulted in different results of cytotoxicity evaluation results for elastomeric impression materials. Although this study may not have provided the link of results with the animal studies or clinical results, it may be suggested from the previous studies that careful consideration in selecting the cell lines and interpreting the results for cytotoxicity evaluation for elastomeric impression materials would be required when animal cell lines were used rather than human based cells.
Conclusion
Within the limitation of this study, it is clear that there is difference in cytotoxicity evaluation results for elastomeric impression materials according to the type of fibroblast cells used, and therefore careful consideration shall be given when selecting the cell and interpreting the results for cytotoxicity evaluation of elastomeric impression materials.
Conflict of Interest
No potential conflict of interest relevant to this
